Summary. Rabbit morulae were grown for 24 h in Ham's F12 medium supplemented with BSA. CI-628 citrate (1\m=.\5\g=m\g/ml), a specific oestrogen antagonist, significantly inhibited the transformation of morulae to blastocysts. This inhibition was reversed with oestradiol-17\g=b\(1 \g=m\g/ml) but not oestradiol-17\g=a\ (1 \g=m\g/ml) added to the culture medium. The specific activities of phosphofructokinase, lactic dehydrogenase, malate dehydrogenase and alkaline phosphatase in blastocysts grown in vitro for 24 h in medium TC 199 + BSA showed significant elevation with blastocyst growth and expansion, while that of acid phosphatase revealed no change, and leucine aminopeptidase activity declined significantly. These changes were markedly inhibited by CI-628 citrate (2 \g=m\g/ml) and were reversed by oestradiol-17\g=b\(0\m=.\4\g=m\g/ml) but not by oestradiol-17\g=a\ (0\m=.\4\g=m\g/ml). Our findings suggest a role of oestrogen present in the rabbit morula and blastocyst in the triggering of embryonic differentiation and metabolic functions.
Introduction
The role of steroids in the preimplantation embryo or at the time of implantation is an issue of considerable debate. Mammalian embryos have been shown to possess the steroidogenic enzymes, A\3ß-hydroxysteroid dehydrogenase (A5,3ß-HSD) and 17ß-hydroxysteroid dehydrogenase (17ß-HSD) first detected histochemically (Dickmann, Dey & Sengupta, 1976 (Wu & Lin, 1982a) . The rabbit blastocyst has been extensively analysed. Progesterone and oestradiol-17ß contents of rabbit blastocysts at Days 5 and 6 post coitum (p.c.) have been reported (Seamark & Lutwak-Mann, 1972; Fuchs & Beling, 1974; Dickmann et al., 1975) , but it has been suggested that these steroids may be of maternal origin (Borland, Erickson & Ducibella, 1977; Singh & Booth, 1978) . Evidence showing lack ofA5,3ß-HSD and steroid hormones in the preimplantation rabbit blastocyst has also been reported (Gadsby, Heap & Burton, 1980; Bleau, 1981) . However, biochemical evidence in support of oestradiol synthesis from testosterone and androstenedione in blastocysts grown in vitro suggests that the aromatase enzyme system is present in rabbit blastocysts at Days 5-6p.c. (George & Wilson, 1978; Hoversland, Dey & Johnson, 1982; Wu & Lin, 1982b) . In the present study we have investigated whether embryonic steroids are required to support differentiation and metabolism in the rabbit embryo.
Group 3: morulae were exposed to the same concentration of CI-628 citrate as in Group 2 and, in addition, the culture medium contained 1 µg oestradiol-17ß "6 m; Sigma) dissolved in 5 µ ethanol-saline.
Group 4: morulae were grown in 1 ml culture medium containing CI-628 citrate in the same concentration as in Groups 2 and 3; in addition, 1 µg oestradiol-17a (3-67 10"6 M; Sigma) dissolved in 5 µ ethanol-saline was added to the medium. At the end of 24 h all cultures were terminated and the embryos, recovered in Falcon plastic dishes, were examined under a stereozoom microscope to assess their development. All results were subjected to statistical analysis using the 2 test (Hill, 1966) .
Experiment II: study of blastocyst metabolism Rabbits were killed on the morning (09:00 h) of Day 6 and their uteri were flushed with prewarmed, sterile TC 199 medium (Bios, Bombay, India). The blastocysts were rapidly washed in fresh medium and examined under the stereozoom microscope to measure embryo diameters. The blastocysts were then cultured in 10-ml sterile, rubber-stoppered, Erlenmeyer flasks containing 5 ml sterile TC 199 medium supplemented with 0-1% BSA. Each flask had a gas phase of 5% CO, and 95% air, and contained 5 or 6 blastocysts. The flasks were kept in a humid chamber maintained at 37°C. The collected blastocysts were randomly assigned to one of 5 groups.
Group 1 : the blastocysts were not placed in culture but were immediately homogenized for biochemical estimation of enzyme activities.
Group 2: blastocysts were grown in TC 199 medium containing 50 µ ethanol-saline (28-3 x 10"5 m) and 10 µ saline sterilized by passage through a 0-22 µ millipore filter.
Grow/? 5: blastocysts were divided into three subgroups and exposed to 10 µg (2-7 x 10~6M), 1-5 µg(4·07 x 10"6M)or2^g(5-43 x 10" 6m) citrate, dissolved in 10 µ saline, per ml TC 199 medium.
Group 4 : blastocysts were divided into 2 subgroups : in the first subgroup the blastocysts were grown in 5 ml TC 199 medium containing 2-0 µg CI-628 citrate in 10 µ saline/ml and 1-0 µg oestradiol-17ß "6 µ), dissolved in 50 µ ethanol-saline, and in the second subgroup the same concentration of the antagonist plus 2-0 µg oestradiol-17ß "6 m) in same volume of vehicle was used.
Group 5: blastocysts were exposed to 2-0 µg CI 628 citrate, dissolved in 10 µ saline per ml, and 20 µg oestradiol-17a "6 M), dissolved in 50 µ ethanol-saline, in 5 ml TC 199 medium. All cultures were terminated after 24 h and the recovered blastocysts were quickly examined under the stereozoom microscope to determine their condition and extent of expansion by measuring their diameters. Blastocysts were washed well with cold saline and then 3-5 blastocysts were homogenized in an all-glass homogenizer using 1 ml cold sucrose (0-25 m). Aliquants were taken from supernatant fractions for the enzyme assays.
Six enzymes were studied. Phosphofructokinase (EC 2.7.1.11) activity was measured by the method of Ling, Paetkau, Marcus & Lardy (1966) but the incubation volume was reduced to 1 ml. Lactate dehydrogenase (EC 1.1.1.27) activity was measured by the method of Brinster (1965) . Malate dehydrogenase (EC 1.1.1.37) activity was measured using the method described in the Information Bulletin published by Boehringer-Mannheim, Germany (1973) but the total volume of incubation mixture was reduced to 1 ml. The linear decrease in absorbance at 340 nm during the first 15 min was used to calculate the activity of the enzymes and µ NADH oxidized/min was used to express the total enzyme activity. Acid and alkaline phosphatase activities (EC 3.1.3.2 and EC 3.1.3.1) were measured using the method of Linford & Iosson (1975) . One phosphatase unit was defined as that amount of enzyme activity which liberated 1 µ p-nitrophenol/h under the stated test conditions. The activity of leucine aminopeptidase (EC 3.4.11.1) was measured as described by Goldberg & Rutenburg ( 1958) but the total reaction volume was reduced to 1 ml. One unit of leucine aminopeptidase will release 1 µ ß-naphthylamine from its substrate per hour at 37°C and pH 7-1.
The DNA content of the blastocysts was estimated according to the method of Burton (1956) , but the total volume of the reaction mixture was reduced to 1-5 ml. All enzyme activities were expressed both on a per blastocyst and on a per µg DNA basis. All enzyme assays were linear with time and increasing enzyme activity.
For statistical purposes we performed one-way analysis of variance and then applied Duncan's Multiple range test (Fédérer, 1955) to compare the significance of the differences between means of enzyme activities.
Results

Morula to blastocyst transformation
The effects of CI-628 citrate on rabbit embryo development at the time of morula to blastocyst transformation are shown in Table 1 . CI-628 citrate significantly reduced the development of blastocysts from the morula stage, but this effect was reversed in Group 3. Oestradiol-17a was not able to reverse the effect of CI-628 citrate.
Blastocyst metabolism
The effects of different steroids and/or non-steroidal antagonist-containing media on blastocyst growth and expansion during 24-h culture showed that the BSA-supplemented medium TC 199 plus ethanol and saline led to significant (P < 0-001) expansion in 62 of the 70 (88-6%) blastocysts cultured (12 replicate cultures). A distinct dose-specific response was obtained after exposure to CI-628 citrate; at 1 0 µg/ml there was a reduction in embryo expansion (27/39, 68%, 8 replicates; < 0-05), but at 1-5 µg/ml only 15/28 (52%) blastocysts expanded (6 replicates) (P < 0001) and at 2-0 µg/ml the values were 11/80 (13%, 14 replicates; < 0001). The blastocysts that had not expanded showed no degeneration. A dose-dependent response was obtained when the CI-628 citrate- induced inhibition of blastocyst expansion was reversed by culture with oestradiol-17ß : at 0-2 µg/ml 43-3% blastocysts (13/30, 6 replicates) showed expansion (P < 0001 compared with control value), but at 0-4 µg/ml 79/93 (84-95%, 18 replicates) blastocysts expanded (P < 0-05 compared with control value). Oestradiol-17a had no effect on blastocyst growth in the presence of CI-628 citrate and only 11/81 (13-6%, 16 replicates) blastocysts expanded.
Enzyme activities
The activities of the 3 carbohydrate, 2 lysosomal enzymes and alkaline phosphatase are given in (Katzenellenbogen, Katzenellenbogen, Ferguson & Krautham¬ mer, 1978) . CI-628 citrate can translocate the oestrogen receptor to the nucleus (Clark, Peck & Anderson, 1974) , but receptor replenishment does not occur (Sutherland & Murphy, 1982) . It has suggested that there are antioestrogen-specific binding sites that do not compete with oestrogen receptor sites in a wide variety of oestrogen target and non-target tissues (Sutherland & Murphy, 1980; Sudo, Monsma & Katzenellenbogen, 1983) . In the rat uterus, non-steroidal antagonists are partial agonists and partial antagonists, but there is considerable evidence that antioestrogens are antagonists in vitro under conditions in which metabolic conversions do not occur (Hayes, Rorke, Robertson, Katzenellenbogen & Katzenellenbogen, 1981) .
The inhibitory effect of CI-628 citrate on blastocyst formation appeared to be due to a specific inhibition of oestrogen function since only oestradiol-17ß was able to reverse completely this response of the drug. During late cleavage increased protein synthesis and growth initiated at the blastocyst stage are dependent upon ATP generation (Ginsberg & Hillman, 1975) , changes in the profile of metabolic pathways (Epstein, 1975) and activation of sodium-dependent transport systems (Borland & Tasca, 1974) . Embryo oestrogen may regulate one or more of these cellular events. The present finding of an oestrogen requirement during blastocyst formation is consistent with our earlier reports for mouse , rat (Roy, Sengupta & Manchanda, 1981) and hamster (Sengupta, Paria & Manchanda, 1983) embryos. In the rabbit embryo, carbohydrate metabolism during the preblastocyst stage proceeds mainly via the pentose phosphate shunt pathway and, once the blastocyst stage is reached, there is a shift in the metabolic pathway towards the glycolytic and TCA cycle (Friedhandler, 1961) . Mukherjee, Dey, Sengupta, Ramadoss & Dickmann (1978) obtained a pronounced increase in the activities of two rate-limiting enzymes, phosphofructokinase and pyruvate kinase, of the glycolytic cycle in Day 6 rabbit blastocysts grown in vitro for 24 h. The present study confirms this observation and indicates an increase in the specific activities of phosphofructokinase, lactate dehydrogenase and malate dehydrogenase in rabbit blastocysts of similar age grown in culture for 24 h. Our findings suggest an increased synthesis of these enzymes of the energy-generating pathways to facilitate cellular growth and development. The enhanced energy requirements and metabolic function were shown from the ADP and ATP levels which doubled every 9 h in 5-6-day rabbit blastocysts (Brooks & Lutwak-Mann, 1971) . Benos & Balaban (1980) also reported increased Q02 in developing rabbit blastocysts and have suggested an aerobic dependence of active transepithelial ion transport during blastocyst expansion. We have studied the activity of alkaline phosphatase, another membranebound enzyme, and report enhanced specific activity of the enzyme with blastocyst development and expansion in culture. It has been suggested that this enzyme is involved in membrane transport processes (Fernley, 1971) .
Lysosomes have been identified in trophoblast cells and several lysosomal enzymes have been detected in mammalian embryos during the preimplantation stages, but their role during early embryogenesis remains to be understood. Denker (1982) detected arylamidase, a proteinase, in rabbit blastocysts and suggested that it may play a role in the dissolution of the mucin coat. Rat trophoblast maturation and blastocyst expansion in vitro has been associated with the changes in the levels of acid phosphatase and leucine aminopeptidase (Roy, Sengupta, Paria & Manchanda, 1982) . The significance of the reduced activity of leucine aminopeptidase in rabbit blastocysts remain to be defined.
The regulation of metabolic pathways in mammalian embryos can result from pre-programmed genetically derived controls and/or be influenced by hormones, activators or inhibitors present in the blastocyst or the surrounding uterine milieu. Oestrogen can induce the de-novo synthesis of phosphofructokinase, pyruvate kinase and lactate dehydrogenase (Singhal, Valadares & Ling, 1967; Singhal & Valadares, 1970; Clark & Yochim, 1971) in the rat uterus. The rabbit blastocyst contains oestradiol-17ß and the enzyme system for aromatization of androgens to oestrogen (Dickmann etal., 1975; Singh & Booth, 1978; George & Wilson, 1978; Hoversland etai, 1982; Wu & Lin, 1982b) . The present communication has presented evidence which suggests that embryonic oestrogen is required to stimulate metabolic functions in the blastocyst, and that the higher specific activities of phosphofructokinase, lactate dehydrogenase and malate dehydrogenase with growth depend on the presence of adequate amounts of this steroid. A characteristic dose-dependent effect was obtained with the inhibitory response of the oestrogen antagonist on blastocyst growth and metabolic processes, and in the reversal of the response with oestradiol-17ß. It is very likely that the earlier reports on failure of exogenously administered oestradiol-17ß in stimulating RNA synthesis in mouse preimplantation embryos (Warner & Tollefson, 1978) and activation of enzymes of carbohydrate and energy generating pathways (Mukherjee et al., 1978) in rabbit blastocysts could be due to embryonic refractoriness.
In conclusion we suggest that oestrogen present in the preimplantation rabbit embryo is essential for supporting early embryonic differentiation, and metabolic functions in the blastocyst.
